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sterling et al as meal preparation, taking vital signs, assisting with medication compliance, and accompanying patients to medical appointments. Yet, the role of HCWs in HF has not been characterized. This systematic review is the first to determine the effect of HCWs on HF patient outcomes. Five electronic databases were searched. Study quality was assessed with the Downs and Black checklist. Of the 7,032 studies screened, six met inclusion criteria. Among the six studies, five were observational and one was quasi-experimental. Studies were of poor-to-fair quality, often lacking methodological rigor. While HCWs in HF are common, the literature on them is limited. Additional research is warranted to understand their role in HF management and their effect on health outcomes.
Background
Heart failure (HF) is a complex, chronic disease that requires a high degree of self-care and frequent contact with the health care system. 1,2 HF patients often have multiple chronic conditions, functional and cognitive impairments, 3 and sensory deficits. 4, 5 As such, many rely on informal (family) and formal (paid) caregivers to help them manage their disease and navigate the health care system. [6] [7] [8] [9] [10] Formal caregivers are increasingly being used by adults with HF. With the implementation of Medicare payment reforms, including financial penalties for 30-day readmissions, a growing number of adults hospitalized for HF are now discharged with home health care (HHC).
11-13 HHC offers short-term skilled nursing, physical and occupational therapy, speech and language therapy, medical social work, and care from home care workers (HCWs). [11] [12] [13] HCWs, which include home health aides (HHA) and personal care aides (PCA), are one of the fastest growing sectors of the health care industry and US economy. [14] [15] [16] While their roles differ, with HHAs receiving more specialized training and having a greater scope of tasks than PCAs, [17] [18] [19] both provide physical and emotional support to HF patients. 17 HCWs are with patients on a daily or neardaily basis 17, 20 and are often involved with key aspects of HF maintenance and management including meal preparation, weight and fluid monitoring, medication compliance, and transportation to medical appointments. These interactions may affect outcomes for patients with HF, but the exact influence of HCWs in the context of HF has not been studied.
To fill this gap, we conducted a systematic review of the literature in order to 1) describe utilization patterns of HCWs by adults with HF, 2) examine the effect of HCWs on HF outcomes, and 3) review HF interventions that involve HCWs.
Methods
This systematic review is reported in line with the PRISMA guidance 21 
inclusion and exclusion criteria
This review was limited to observational studies, quasi-experimental studies, and randomized controlled trials (RCTs). To be included, studies must have pertained to communitydwelling adults (≥18 years of age) with HF and focused on HCWs, including HHAs, PCAs, and home health attendants. Only studies that were published in English and conducted in the United States were included (Table 1) .
Qualitative studies, case reports, editorials, reviews, doctoral dissertations, and scientific meeting abstracts were 
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Home care workers in heart failure excluded. Studies that focused on home health nurses were excluded, as were those in which HF patients resided in nursing homes, long-term care centers, and acute rehabilitation centers.
selection of studies Figure 1 shows the PRISMA flow diagram of reviewed and included studies (Figure 1 ). All studies identified following the database search were uploaded to the Web-based systematic review software package Covidence (https://www. covidence.org/). First, title and abstract review of all studies were completed independently by two authors (ALS and PBKL). Disagreements were discussed and a third reviewer helped to resolve the discrepancies (MRS). A record was kept of all the studies excluded and the reason for exclusion in Covidence. All of the studies that met the inclusion criteria (13) went through a full-text screening process by the three authors independently (ALS, PBKL, and MRS), and any disagreements on the eligibility of the studies were reviewed by a fourth author (DD).
Data extraction
Data from the included studies were extracted independently by three authors using a data extraction template. Data extracted from the studies included lead author, study title, year published, study population (design and year/duration) study type, study objective, primary outcome, intervention/ control group (if applicable), main result(s), and limitations ( Table 2 ). The review team resolved any disagreements regarding study eligibility through group discussion.
assessment of quality
The studies included in this systematic review were evaluated using a quality index proposed by Downs and Black (DB), which examines five subscales that measure reporting, external validity, internal validity (two subscales on bias and confounding), and power. 22 The DB scale is a 27-item checklist that was developed to assess quality in clinical trials and was modified, based on previous systematic reviews, to accommodate the characteristics of observational studies (Table S1) . [23] [24] [25] The checklist has a good interrater (r=0.75) and test-retest (r=0.88) reliability, as well as high internal consistency (KR-20=0.89). 22 The maximum score for the modified checklist was 28 since all individual items were rated as yes (=1), no (=0), or unable to determine (=0), with the exception of Item 5, where one could receive a maximum of 2 points. The ranges of scores were grouped into four categories: excellent (26-28 points), good (20) (21) (22) (23) (24) (25) , fair (15) (16) (17) (18) (19) , and poor (≤14).
24,26
Data synthesis
Following data extraction and quality assessment, consideration was given to the appropriateness of conducting a metaanalysis. As the studies were too heterogeneous to combine statistically, the data were synthesized qualitatively.
Results
study selection
The PRISMA flowchart is presented in Figure 1 . The literature search yielded 9,074 articles, from which 2,042 duplicates were removed, leaving 7,032 articles for review. Of these, 7,019 were excluded based on title and abstract review. Among the 13 full-text articles reviewed, 7 were excluded for various reasons (duplicates [n=3], study population [n=2], study location [n=1], and study design [n=1]). Overall, the study reports on six articles.
Description of included studies
Characteristics of the six included studies are detailed in Table 2 . The studies were published from 1998 to 2017 in journals that focused on home care and management, nursing, and health services research. The majority (n=5) of the included studies were observational, [27] [28] [29] [30] [31] of which two were descriptive in nature 27, 28 and three used retrospective cohort designs. [29] [30] [31] One study was a quasi-experimental study with pre-and post-intervention design. 32 There were no RCTs. The majority of patients in these studies were ≥65 years of age and were non-Hispanic white. All six studies focused on HHAs without mention of PCAs or other types of paid HCWs.
risk of bias
Overall, the quality of the studies was fair to poor, with DB quality scores ranging from 10 to 16 and with a mean score of 12.8 (SD 2.3); four studies [27] [28] [29] 32 were of poor quality and two 30, 31 were of fair quality (Table S2 ). The majority (n=5) of studies [27] [28] [29] [30] 32 utilized small samples from one home care agency or one hospital, and thus their results lacked external validity. One study was missing outcome data 32 and several were missing demographic and clinical information on study participants. Two studies 27, 28 found interesting trends but did not perform statistical analyses to discern whether these trends were statistically significant. Finally, reverse causality limited the validity and generalizability of the three studies that examined the effect of HCWs on readmission rates, since they did not attempt to adjust for HF patients' severity of disease or their caregiving needs.
Utilization patterns of HcW by adults with HF
Two studies (Anderson et al 27 and Moulton et al 28 ) characterized the utilization of HHC services, including HHAs, among adults with HF. Both were descriptive in design, collected data via chart review, derived study samples from single home care agencies, and included HF patients who were ≥65 years of age and insured by Medicare. Data from both studies suggested that HF patients who utilized HHAs were older adults with functional limitations, lived alone, or had an unmet caregiving needs. Notably, Anderson et a. 27 found that men had more functional limitations and used HHAs more often than women, although this difference was not tested for statistical significance.
HcW and hospital readmission in HF
Three studies evaluated the effect of having an HHA on the risk of hospital readmission among adults with HF. [29] [30] [31] All used retrospective cohort designs, although the sample size varied greatly among the three studies.
A study by Hoskins et al 29 included 117 patients who received HHC from one large, nonprofit, Medicare/Medicaid-certified home care agency following an HF hospitalization. 29 Overall, 27% of the sample were readmitted. Those who remained at home had more HHA visits (mean [SD] 19 [17.5] ) compared with those who were readmitted (14 [11.9] ), but this difference was not statistically significant. Instead, patients' number of prior hospitalizations and their medication burden were significantly associated with greater readmission risk.
Russell et al 30 examined the effect of a transitional care program on readmission risk among patients discharged home with home care services following an HF hospitalization from a nonprofit medical/surgical hospital. 30 
HF interventions involving HcWs
A quasi-experimental study by Russell et al 32 determined the effect of an HHA-delivered coaching intervention on HF patients' self-care maintenance and quality of life (QoL). 32 Participants who received home health services post discharge served as their own controls pre and post intervention. HHAs provided weekly support and HF selfcare information to patients during home visits and telephone calls. Health-related QoL and HF self-care were assessed with validated instruments. [33] [34] [35] While QoL scores did not differ significantly, participants' HF self-care maintenance scores, as measured by the Self-Care of Heart Failure Index, 35 improved significantly (74.4 [7.1] 
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Home care workers in heart failure the context of HF self-care and outcomes. A few studies examined the effect of HCWs on the risk of readmission; however, the results were conflicting. Remarkably, only one study incorporated HCWs into an HF intervention. Neither of the studies mentioned PCAs, who comprise 50% of agency-employed HCWs, nor did any of the studies mention non-agency-employed HCWs, of which there are currently 8,00,000 in the United States. 19, 20 Because we reviewed observational and quasi-experimental studies (without RCT-level evidence) which were of fair to poor quality, our findings must be interpreted with caution. The studies that examined HCW utilization patterns utilized small and homogeneous patient populations and were conducted two decades ago. The studies that examined the effect of HCWs on hospital readmission used larger, more diverse patient samples, but were methodologically limited. 36 That is, HF patients who receive HCWs at discharge are often sicker and have more caregiving needs than those who do not. Thus, without accounting for this, the association between HCWs and readmission risk cannot be carefully isolated. One study used a quasi-experimental approach to determine the effect of HCW-delivered intervention on HF patients' self-care abilities and QoL; however, there was no control group, the sample was small, and dropout rates were high. Overall, our findings call for additional high-quality observational and experimental research to examine the role and effect of HCWs in HF.
To our knowledge, our systematic review is the first to evaluate the peer-reviewed literature on HCWs in HF. Prior reviews have examined the role and impact of other health care professionals on HF patients' outcomes, particularly in the post-discharge period. A systematic review and meta-analysis by van Spall et al 37 evaluated RCTs that examined the effect of home-based, nurse-led visits during the post-discharge period on HF patients' health outcomes. 37 Compared with usual care, nurse-led interventions offered the greatest reduction in mortality (RR 0.81 [95% CI 0.63, 1.03]) and readmission (RR 0.65 [95% CI 0.49, 0.86]). This finding is similar to reviews by Feltner et al, Philips et al, and Slyer et al, which also found post-discharge nurse-led visits in HF patients' homes to be effective. 38, 39, 45 Beyond the benefits of single health care professionals, studies have found that multidisciplinary team-based interventions in HF patients' homes reduce hospitalization and readmission rates. 40, 41 The team members cited in these studies include nurses, advanced HF nurses, pharmacists, 42, 43 dieticians, physical therapists, 44 social workers, primary care providers, and cardiologists. 44 Notably absent from this list are HCWs, who, apart from family caregivers, spend the most amount of time with HF patients in the home.
strengths and limitations
The strengths of our study include the rigorous literature search across several databases, using predefined search terms and strict inclusion and exclusion criteria. Additionally, quality was assessed with the DB checklist, a well-validated tool. 22 Some limitations should also be noted. Given that so few quantitative studies exist in this area, our exclusion of qualitative studies may have limited our understanding of the role of HCWs in HF. Additionally, due to the heterogeneous nature of the studies, a meta-analysis was unable to be conducted.
Conclusion
We conducted this systematic review in order to describe utilization patterns of HCWs by adults with HF, examine the effect of HCWs on HF patients' health outcomes, and review HF interventions that involve HCWs. Our findings suggest that despite their widespread use among communitydwelling adults with HF, the literature on HCWs in HF is limited. Due to the paucity of research in this area and the lack of high-quality studies reviewed here, additional and more rigorous research is warranted on the potential role of HCWs in improving QoL and decreasing avoidable health services utilization in HF.
Data sharing statement
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Checklist question Scoring
Reporting 1) is the hypothesis/aim/objective of the study clearly described? Yes = 1; no = 0 2) are the main outcomes to be measured clearly described in the introduction or methods section? Yes = 1; no = 0 3) are the characteristics of the patients included in the study clearly described? Yes = 1; no = 0 4) are the interventions of interest clearly described? Yes = 1; no = 0 5) are the distributions of principal confounders in each group of patients to be compared clearly described? Yes = 2; Partially = 1; no = 0 6) Are the main findings of the study clearly described? Yes = 1; no = 0 7) Does the study provide estimates of the random variability in the data for the main outcomes? Yes = 1; no = 0 8) Have all important adverse events that may be a consequence of the intervention been reported? Yes = 1; no = 0 9) Have the characteristics of patients lost to follow-up been described? Yes = 1; no = 0 10) Have actual probability values been reported (eg, 0.035 rather than <0.05) for the main outcomes, except where the probability value is <0.001? Yes = 1; no = 0
External validity
11)
Were the subjects asked to participate in the study representative of the entire population from which they were recruited? Yes = 1; no = 0; Unable to determine = 0 12) Were those subjects who were prepared to participate representative of the entire population from which they were recruited? Yes = 1; no = 0; Unable to determine = 0 Power 27) Did the study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less than 5%? Yes = 1; no = 0; Unable to determine = 0 Notes: The Downs and Black checklist is a 27-item methodological quality assessment tool of randomized and nonrandomized studies of health care interventions. The maximum score is 28 since all individual items were rated as yes (=1), no (=0), or unable to determine (=0), with the exception of item 5, where a maximum of 2 points could be received. scores are grouped into four categories: excellent (26-28 points); good (20) (21) (22) (23) (24) (25) ; fair (15) (16) (17) (18) (19) ; and poor (≤14). 
